The biennial review of atomic-weight determinations and other cognate data has resulted in changes for the standard atomic weights of 19 elements. The standard atomic weights of four elements have been revised based on recent determinations of isotopic abundances in natural terrestrial materials: cadmium to 112.414 (4) 
Introduction
Comprehensive tables of recommended atomic-weight values for use in science, industry, and commerce began with F. W. Clarke's publication of his recalculation of the atomic weights in 1882. In 1892, the American Chemical Society appointed Clarke as a permanent one-man committee to report on a standard table of atomic weights for acceptance by the society, and he reported annually from 1893 until 1913, when he asked to be relieved of this responsibility. In 1897, the German Chemical Society appointed a working committee to report on atomic weights. They published reports on best values and also issued an invitation to other chemistry organizations to appoint delegates to an international committee for atomic weights. The international committee's first report for 1901 was published in Chemische Berichte in 1902, and this committee continued to report annually until 1921. This committee joined the International Association of Chemical Societies in September 1913, until it was dissolved in 1919. The Committee then joined the International Union of Pure and Applied Chemistry (IUPAC) in June 1920. IUPAC published the new Committee's first table of atomic weights in 1925. After reorganization, the International Committee began to publish annual reports in 1931 [1] . In 1979 [2] , the Commission on Atomic Weights and Isotopic Abundances, as it was known then, agreed that an atomic weight could be defined for any specified sample and decreed that "Dated Tables of Standard Atomic Weights published by the Commission refer to our best knowledge of the elements in natural terrestrial sources."
In recent times, the Table of Standard Atomic Weights has been published biennially, and their values are virtually unchallenged throughout the world. The detail and number of significant digits reported in the full Table of Standard Atomic Weights exceeds the needs and the interests of many users. A Table abridged to five significant digits is published with the expectation that subsequent changes to the abridged values will be minimal.
Atomic weight values originally were considered to be constants of nature and, as such, did not have any associated uncertainties. However, in the 1951 report, the Committee added a footnote to sulfur indicating that a variation factor ±0.003 should be attached to its atomic-weight value to account for atomic-weight variations in naturally occurring sources of sulfur. In 1961, the Committee added footnotes to account for variations in atomic weights in naturally occurring sources of a number of elements, as well as experimental measurement uncertainties. By 1967, IUPAC Commission on Atomic Weights, as it was known then, recognized that the standard atomic weight uncertainties of some elements (H, B, C, O, Si, S, and Cu) could not be reduced because of variations in the amount fractions of their isotopes in normal materials [3] , including some chemical reagents [4] . By a "normal" material, the IUPAC Commission on Isotopic Abundances and Atomic Weights (hereafter termed the Commission) means material from a terrestrial source that satisfies the following criteria:
"The material is a reasonably possible source for this element or its compounds in commerce, for industry or science; the material is not itself studied for some extraordinary anomaly and its isotopic composition has not been modified significantly in a geologically brief period." [5, 6] Thus, the standard atomic-weight values published by the Commission are intended to encompass all naturally occurring materials with the highest possible reliability, such that standard atomic-weight values are rarely corrected. With improvements in analytical instrumentation during the last three decades, the number of elements with two or more isotopes with documented variations in atomic-weight values in normal materials that exceed the uncertainty of the atomic weight determined from a best measurement of isotopic abundances grew to 18 elements in the 2007 Table of Standard Atomic Weights [7] . These elements were given footnote "r" in the IUPAC Table of Standard Atomic Weights to indicate that a range in isotopic composition of normal material prevents a more precise standard-atomic-weight value from being given. Until the publication of the 2009 Table of Standard Atomic Weights, the Commission provided a single atomic-weight value for each element (with at least one stable isotope) along with an estimated symmetrical and expanded uncertainty. These uncertainties were always estimated by the Commission through evaluation of all the relevant published literature such that any user of the atomic-weight data would, with high probability, find the atomic weight of any element in any normal sample to be in the range indicated by the uncertainty for the recommended standard atomic weight. These values thus correspond to expanded uncertainties as now defined by the Joint Committee for Guides in Metrology (JCGM) [8] , and they are consistent with those calculated from the isotopic abundances listed in Column 9 of the Table of Isotopic Composition of the Elements [9] . Beginning with the 2009 Table of Standard Atomic Weights [10] , the Commission highlighted the existence of atomic-weight variations for some elements by reporting atomic-weight intervals rather than single values with expanded uncertainties. The upper and lower bounds of the atomic-weight interval for a given element define the interval within which the atomic-weight value for any given sample of normal material may be found (see Section 1.4). Periodically, the history of the standard atomic-weight value of each element is reviewed, emphasizing the relevant published scientific evidence upon which decisions were based [5, 6, 11, 12] .
The Commission met in Gebze, Turkey, under the chairmanship of Dr. Willi A. Brand from 7 to 8 August 2013, prior to the 47 th IUPAC General Assembly in Istanbul. At this meeting, the Commission reviewed recommendations of its Subcommittee on Isotopic Abundance Measurements (SIAM), which suggested changes in the standard atomic weights of some elements based on its review of published data.
Atomic weight of an element
The atomic mass, m a , of an unbound neutral atom of carbon-12, m a ( 12 C), in its nuclear and electronic ground states is 12 Da exactly, where Da is the symbol for unified atomic mass unit, and alternative symbol is u. The atomic weight (also called the relative atomic mass) of isotope
Thus, the atomic mass of 12 C is 12 Da, and the atomic weight of 12 C is 12 exactly. All other atomic weight values are ratios to the 12 C standard value and thus are dimensionless numbers. The atomic weight of element E, A r (E), in a material P is determined from the relation
where x( i E) P is the amount fraction of isotope i E in material P (also called the isotopic abundance). The summation is over all stable isotopes of the element plus selected radioactive isotopes (having relatively long half-lives and characteristic terrestrial isotopic compositions) of the element. The atomic weight, A r (E), of element E in a material can be determined from knowledge of the atomic masses of the isotopes of that element and the corresponding amount fractions of the isotopes of that element in the material. In contrast to the atomic weight of an element in any given material, the standard atomic weight is a quantity that represents the atomic weights of an element in normal terrestrial materials and, therefore, must be given with larger uncertainty for some elements than the measured atomic weight in any given material. Isotopes contributing to the determination of the atomic weight of an element include (1) all stable isotopes (not known to be radioactive), of which there are 252, and (2) selected radioactive isotopes that have relatively long half-lives and characteristic terrestrial isotopic compositions, of which there are 37. A radioactive isotope of an element is said to have a characteristic terrestrial isotopic composition [13] if it contributes significantly and reproducibly to the determination of the standard atomic weight of the element in normal materials.
"Best measurement" of the isotopic abundances of an element
For several decades, the isotopic abundances of many elements with two or more stable isotopes have been measured with decreasing measurement uncertainty by means of mass spectrometry. As a result, the uncertainty in atomic-weight measurements, U[A r (E)], has improved substantially. The Commission regularly evaluates reports of isotopic abundances to select the "best measurement" of the isotopic abundances of an element in a specified material. The best measurement is defined as a set of analyses of the isotope-amount ratio or isotope-number ratio of an element in a well-characterized, representative material with small combined uncertainty. To be considered by the Commission for evaluation, reports must be published in peer-reviewed literature, and the results should be given with sufficient detail so that the Commission can reconstruct the uncertainty budget in its various components, including sample preparation, analysis of isotope-amount or isotope-number ratios, and data handling. Criteria used to evaluate a "best measurement" include: 1. The extent to which measurement uncertainties of random and systematic nature have been assessed and documented in the report. The Commission seeks evidence that mass-spectrometer linearity, massspectrometric fractionation of ions of varying masses, memory, baseline, interferences among ions, sample purity and preparation effects, and statistical assessment of data were carried out properly. Preference is given to measurements that are fully calibrated with synthetic mixtures of isotopes of the element of interest, covering the isotopic-abundance variations of normal materials over the interval of the masses of the isotopes in the material being analyzed. 2. The relevance and availability of the analyzed material for the scientific community involved in isotopic measurements and calibrations. Preference is given to analyses of chemically stable materials that are distributed internationally as isotopic reference materials by national or international measurement institutes, or to isotopically unfractionated representatives of homogeneous terrestrial materials.
The Commission has determined that new, calibrated isotopic-composition measurements could improve substantially the standard atomic-weight values of a number of elements that have relatively large uncertainties. Such elements include Gd, Hf, Pd, and Sm.
Categorization of elements by their atomic-weight and isotopic-composition variations
Because variation in isotopic composition of an element impacts its atomic weight, the Commission has undertaken assessments of variations of isotopic compositions in the published literature, both through its Subcommittees and through subsequent IUPAC projects. All known elements can be categorized according to the following constraints on their standard atomic weights (see Section . Elements in this subcategory can advance to category 4 as the Commission completes evaluations and assigns intervals. The Commission uses the footnote "r" to identify elements in this subcategory for which the standard-atomic-weight uncertainty has been expanded to account for known atomic-weight variability. 4. Elements with two or more isotopes having known variations in atomic weights in normal materials that exceed the uncertainty of the atomic weight derived from a best measurement of isotopic abundances and having upper and lower atomic-weight bounds determined by the Commission from evaluated, peer-reviewed, published data, e.g. hydrogen (Fig. 1) . These elements have a pink background for each element cell on the IUPAC Periodic Table of the Isotopes [14] .
The Commission uses the footnote "g" to identify chemical elements for which the recommended standard atomic weight and its associated uncertainty do not include all known variations. For example, some elements are anomalously enriched in fissionogenic or nucleogenic isotopes at the Oklo natural nuclear reactor site in Gabon, Africa, and their atomic weights in those materials are not included in the determination of the standard atomic weight. For elements in categories 3 and 4, the Commission uses the footnote "m" to identify those for which the standard atomic weight and its associated uncertainty in commercially available material do not include variations due to undisclosed or inadvertent isotopic fractionation. Minor periodic changes to the standard-atomic-weight values and uncertainties result from improved measurements of the atomic masses, and these changes primarily affect category 2 elements.
Atomic-weight intervals
Atomic weights calculated from published variations in isotopic compositions for some elements can span relatively large intervals. For example, the atomic weight of carbon in normal materials spans the interval from 12.0096 to 12.0116, whereas the uncertainty of the atomic weight calculated from the best measurement of the isotopic abundance of carbon is approximately thirty times smaller [9, 18] ; A r (C) = 12.011 09(3). The span of atomic-weight values in normal materials is termed the interval. The interval [a, b] is the set of values x for which a ≤ x ≤ b, where b > a and where a and b are the lower and upper bounds, respectively [19] . Neither the upper nor lower bounds have any uncertainty associated with them; each is a considered decision by the Commission based on professional evaluation and judgment. Writing the standard atomic weight of carbon as " [12.0096, 12 .0116]" indicates that its atomic weight in any normal material will be greater than or equal to 12.0096 and will be less than or equal to 12.0116. Thus, the atomic-weight interval is said to encompass atomic-weight values of all normal materials. The lower bound of an atomic-weight interval is determined from the lowest atomic weight determined by the Commission's evaluations and it takes into account the uncertainty of the measurement. Commonly, an isotope-delta measurement [20] [21] [22] is the basis for the determination of the atomic-weight bound [23] . The isotope delta is obtained from isotope-number ratio R(
where N( i E) P and N( j E) P are the numbers of each isotope, and i E denotes the higher (superscript i) and j E the lower (superscript j) atomic mass number of chemical element E in substance P. The isotope-delta value (symbol δ), also called the relative isotope-ratio difference, is a differential measurement obtained from isotope-number ratios of substance P and a reference material Ref.
A more convenient short-hand notation for isotope-delta value is typically found in scientific publica-
For example, δ( 13 C, 12 C) P,VPDB is shortened to either δ 13 C VPDB or δ 13 C [20, 22] , where VPDB is the Vienna Peedee belemnite-LSVEC scale for carbon isotope-delta measurements [22] .
Isotope-delta values are small numbers and therefore frequently presented in multiples of 10 -3 or per mil (symbol ‰). To match an isotope-delta scale of an element to an isotope-amount scale (both shown in Figs. 1-12), a substance is needed whose carbon isotopic abundances and whose isotope-delta value is also well known relative to the isotope-delta scale. Commonly this substance is an isotopic reference material that has served as the "best measurement" for determination of isotopic abundance [9] . For example, consider carbon shown in Fig. 4 . The x( 13 C) scale is matched to the δ 13 C VPDB scale through measurement of the isotopic reference material NBS 19 calcium carbonate, which has been assigned the consensus δ 13 C VPDB value of +1.95 ‰ [41] . The carbon isotope number ratio, R( 13 C, 12 C), of NBS 19 has been measured by Chang and Li [18] and is 0.011 202 (28) , and this measurement serves as the "best measurement" of a single terrestrial source [9] . VPDB is the zero point on the carbon isotope-delta scale and therefore δ 13 C VPDB = 0. Hence, 13 12 VPDB ( C, C) 0.011 202 /( 1 1.95 0.001) 0.011 180
because ‰ = 0.001. Therefore, ignoring the uncertainty (discussed below), the relation between carbon isotope-delta values and 13 C amount fractions is
For example, consider the material with the lowest measured 13 C abundance (Fig. 4) , which is crocetane (2,6,11,15-tetramethylhexadecane), produced at cold seeps of the eastern Aleutian subduction zone, having a published δ 13 C VPDB value of -(130.3 ± 0.3) ‰ [42] . The x( 13 C) value of this specimen is found using equation (6) and is 0.009 630(3). The atomic weight of this specimen is calculated from equation (2) If material P is the normal material having the lowest atomic weight of element E, then
where U[A r (E)] P is the combined uncertainty that incorporates the uncertainty in the measurement of the delta value of material P and the uncertainty in relating the delta-value scale to the isotope-amount fraction and atomic-weight scales. The latter is the uncertainty in relating an isotope-delta scale to an atomic-weight scale.
The table of standard atomic weights
The For each of these elements, a graphical plot of natural variations of isotopic abundances and atomic weights is provided in this report, and figure numbers are provided in Table 1 for the interested reader. For each element for which a change in the standard atomic weight is recommended, the Commission by custom makes a statement on the reason for the change and includes a list of recommended values over a period in excess of the last 100 years, which are taken from Coplen and Peiser [44] and subsequent Commission publications.
Comments on atomic weights of selected elements
Since the inaugural International Atomic Weights report, published in 1903, the Commission has provided a rationale for the changes in the recommended atomic weights. This description is accompanied by the list of recommended values since 1903. Brief descriptions of the changes to the standard atomic weights resulting from the Commission meeting in 2013 are provided below.
Cadmium
The Commission has changed the recommended value for the standard atomic weight of cadmium, A r (Cd), to 112.414(4) from 112.411(8) based on an evaluation published by Pritzkow et al. [45] . While the majority of atomic-weight determinations of multi-isotopic elements employ a single gravimetrically prepared mixture of two near-pure isotopes, this work is a tour de force of seven near-pure isotopes of cadmium (cadmium has a total of eight stable isotopes). Such an approach, albeit resource-intensive, allows the calibration of Table 4 with the appropriate relative atomic mass and half-life. However, four such elements (Bi, Th, Pa, and U) do have a characteristic terrestrial isotopic composition, and for these elements, standard atomic weights are tabulated. g, Geological materials are known in which the element has an isotopic composition outside the limits for normal material.
The difference between the atomic weight of the element in such materials and that given in the table may exceed the stated uncertainty. m, Modified isotopic compositions may be found in commercially available material because the material has been subjected to an undisclosed or inadvertent isotopic fractionation. Substantial deviations in atomic weight of the element from that given in the table can occur. r, Range in isotopic composition of normal terrestrial material prevents a more precise standard-atomic weight being given; the tabulated value and uncertainty should be applicable to normal material. 
Molybdenum
The Commission has changed the recommended value for the standard atomic weight of molybdenum to 95.95(1) from 95.96(2) based on an evaluation published by Mayer and Wieser [46] . The recent evaluation of double-spike mixtures to correct for instrumental mass bias and drift of MC-ICP-MS measurements of NIST SRM 3134 molybdenum standard have revealed a slight bias in the previous value [47] , which was based on TIMS measurements. The annotation "g" refers to anomalous occurrences at the Oklo natural nuclear reactor in Gabon. 
Selenium
The Commission has changed the recommended value for the standard atomic weight of selenium, A r (Se), to 78.971 (8) 
Thorium
The Commission has changed the recommended value for the standard atomic weight of thorium to 232.0377(4) from 232.038 06(2) based on an evaluation of the effect of variation in isotopic abundances in normal materials upon the atomic weight of thorium [50] [51] [52] 
Uranium
Although the Commission has not changed the standard atomic weight of uranium since 1999, in 2013 it resolved to clarify the recommended standard atomic weight by reporting the associated standard value for the isotope ratio of uranium in naturally occurring terrestrial materials, N( 
Elements with revised atomic-mass values (aluminium, arsenic,
beryllium, caesium, cobalt, fluorine, gold, holmium, manganese, niobium, phosphorus, praseodymium, scandium, thulium, and yttrium)
In normal materials, there are 19 elements whose standard atomic weight is determined by only one isotope, which is also stable (non-radioactive). Thus, the standard atomic weight for these elements is invariant. These elements are: Be, F, Na, Al, P, Sc, Mn, Co, As, Y, Nb, Rh, I, Cs, Pr, Tb, Ho, Tm, and Au. In addition, two elements, Bi and Pa, have only one isotope that contributes to the standard atomic weight, but that isotope is radioactive. The standard atomic weights of these 21 elements are derived directly from their atomic masses. The 2012 Atomic Mass Evaluation report (AME-2012) contains many advances in the measurement science of atomic masses [15] . The most notable increase in the reported precision of the nuclide masses, which has impact on the atomic-weight values is the 280-fold reduction in the uncertainty of the atomic mass of phosphorus-31. As for the consistency between the values of AME-2003 and AME-2012, the atomic mass of only one stable nuclide, lithium-7, is inconsistent at the 6s level of precision, which is the precision used by the Commission to calculate all standard atomic weights of the elements [54] . The AME-2012 report also provides, for the first time, covariances between the atomic-mass estimates. This allows for proper uncertainty evaluation of nuclide mass ratios with denominator other than carbon-12. Revised standard atomic weights are provided for 15 elements for which there have been improvements in the measurement precision of the atomic-mass values since the previous evaluation.
Variations in isotopic composition and atomic weights of selected elements
The Commission has provided graphical plots of natural variations in isotopic abundances and atomic weights for all elements whose standard atomic weight is expressed as an interval [10, 43] , and these have been updated in Figs. 1 through 12 by addition of isotope-delta axes [24] . These plots may be used to provide information on the likely atomic weight of an element in a given substance. Footnote "m" has been retained for some of these twelve elements to alert the reader that commercial materials can be found that have undergone undisclosed or inadvertent isotopic fractionation. Examples include NO x from nitric acid plants, shown in Fig. 5 as a left-pointed arrow and a value of -150 ‰, and carbon dioxide, shown in Fig. 6 as a leftpointing arrow and a value of -229 ‰. Footnotes "g" and "r" no longer apply to these 12 elements [10, 43] . [10, 23] ). LSVEC is the lithium carbonate isotopic reference material [26] . Isotopic reference materials are designated by solid black circles. The δ 7 Li scale and the 7 Li amount-fraction scale were matched using the data of Qi et al. [27] . The expanded uncertainty in matching the atomic-weight and 7 Li amount-fraction scales with the δ 7 Li scale is equivalent to 3 ‰. [10, 23] ). SRM 951 is a boric acid isotopic reference material [26] . Isotopic reference materials are designated by solid black circles. The δ 11 B scale and 11 B amount-fraction scale were matched using the data of Catanzaro et al. [28] . The expanded uncertainty in matching the atomic-weight and [10, 23] ). VPDB is the Vienna Peedee belemnite-LSVEC isotope scale [24] . Isotopic reference materials are designated by solid black circles. The δ 13 C scale and 13 C amount-fraction scale were matched using the data of Chang and Li [18] . The expanded uncertainty in matching the atomic-weight and 13 C amount-fraction scales with the δ 13 C scale is equivalent to 2.5 ‰.
Abridged table of standard atomic weights
The number of significant digits reported in the full Table of Standard Atomic Weights (Table 1) exceeds the needs and the interests of many users. In the past, tables abridged to four and five significant digits have been published with the expectation that subsequent changes to the abridged values will be minimal. Noting that the truncation errors introduced in the four-significant digit table are unacceptable, the Commission resolved that five-digit table is a more appropriate form of abridged representation. Standard atomic weights abridged to five significant digits are presented in Table 2 . Users seeking an atomic-weight value that is not an interval, such as for trade and commerce, can refer to a conventional atomic-weight value in Section 7.
Conventional atomic-weight values for selected elements
The Commission recognizes that some users of atomic-weight data only need single values with disregard to their uncertainties. Therefore, for those elements with standard atomic weights given as intervals, the Commission provides conventional atomic-weight values (Table 3) . These conventional quantity values have been selected so that most or all atomic-weight variation in normal materials is covered in an interval of plus or minus one in the last digit. [10, 23] ). VSMOW is the Vienna Standard Mean Ocean Water-Standard Light Antarctic Precipitation scale [24] and VPDB is the Vienna Peedee belemnite-LSVEC isotope scale [24] . Isotopic reference materials are designated by solid black circles. The δ O scale, for completeness) and 18 O amount-fraction scale were matched using the data of Li et al. [30] and Baertschi [31] . The expanded uncertainty in the atomic-weight and Mg measurements are expressed relative to the reference material DSM3 because many materials were measured relative to it [32] . However, DSM3 is not recommended as the international measurement standard for the δ 26/24 Mg scale because the supply is exhausted. The δ 26/24 Mg scale and 26 Mg amount-fraction scales were matched using data from [32] . The expanded uncertainty in matching the atomic-weight and 26 Mg amount-fraction scales with the δ
26/24
Mg scale is equivalent to 1.1 ‰. Si scale, for completeness) and 30 Si amount-fraction scale were matched using the data of De Bièvre et al. [33] and a δ 30 Si value for IRMM-017 of -1.3 ‰ relative to NBS 28 [26] . The expanded uncertainty in the atomic-weight and 30 Si amount-fraction scales with the δ Cl amount-fraction scale were matched using the data of Shields et al. [35] and Xiao et al. [36] . The expanded uncertainty in the atomic-weight and 37 Cl amount-fraction scales with the δ
37
Cl scale is equivalent to 2.5 ‰. Br amount-fraction scale were matched using data from [37, 38] . The expanded uncertainty in matching the atomic-weight and 81 Br amount-fraction scales with the δ 81 Br scale is equivalent to 1.1 ‰. Fig. 12 : Variation in atomic weight with isotopic composition of selected thallium-bearing materials (modified from [10, 23] . The reference material SRM 997 is elemental thallium metal [26] . An isotopic reference material is designated by a solid black circle. The δ Tl amount-fraction scale were matched using the data of Dunstan et al. [39] and Rosman and Taylor [40] . The expanded uncertainty in the atomic-weight and C is a neutral atom in its nuclear and electronic ground state. The atomic weights of many elements are not invariant, but depend on the origin and treatment of the material. The standard values of A r (E) and the uncertainties (in parentheses, following the last significant digit to which they are attributed) apply to elements from normal materials. The last significant figure of each tabulated value is considered reliable to ±1 except when a larger single digit uncertainty is inserted in parentheses following the atomic weight. For 12 of these elements, the standard atomic weight is given as an atomic-weight interval with the symbol [a, b] Table 4 with the appropriate relative atomic mass and half-life. However, four such elements (Bi, Th, Pa, and U) do have a characteristic terrestrial isotopic composition, and for these elements, standard atomic-weight values are tabulated. g, Geological materials are known in which the element has an isotopic composition outside the limits for normal material.
The difference between the atomic weight of the element in such materials and that given in the table may exceed the stated uncertainty. m, Modified isotopic compositions may be found in commercially available material because it has been subjected to an undisclosed or inadvertent isotopic fractionation. Substantial deviations in atomic weight of the element from that given in the table can occur. r, Range in isotopic composition of normal material prevents a more precise standard atomic weight being given; the tabulated value and uncertainty should be applicable to normal material. Atomic masses of nuclides are expressed in daltons (symbol, Da), which is 1/12 mass of a single carbon-12 atom (neutral, in its electronic and nuclear ground state, and at rest), also called the unified atomic mass unit (symbol, u). d Standard symbols are used for units of time: a = year; d = day; h = hour; min = minute; s = second; ms = millisecond. *Indicates isotope contributing to the determination of a standard atomic weight. 
Relative atomic masses and half-lives of selected radioactive isotopes
For elements that have no stable or long-lived isotopes, the data on radioactive half-lives and relative atomicmass values for the isotopes of interest and importance have been compiled in Table 4 . Long-lived radioactive isotopes of elements with a characteristic terrestrial isotopic composition that contribute to the standard atomic weight determinations are marked with an asterisk (*) in the table. Selected radioactive isotopes for elements with no stable isotopes, with no characteristic terrestrial isotopic composition, and with no standard atomic weight are presented without this symbol. There is no general agreement on which of the various isotopes of radioactive elements is, or is likely to be judged, important. Various criteria such as longest halflife, production in quantity, and commercial relevance have been applied in the past. The Commission has no official responsibility for the dissemination of atomic masses and half-life values and the information contained in this table will enable to calculate atomic weights of radioactive materials with a variety of isotopic compositions. Atomic masses are taken from 2012 Atomic Mass Evaluation report [15] . However, the uncertainty of atomic masses is not taken as reported. Rather, all uncertainty estimates are expanded by a factor of six in order to conform to the conservative reporting practices of the Commission. The half-life values are quoted with uncertainties at the one standard deviation level and are taken from the NUBASE2012 report [55] .
Periodic table of the isotopes
The Periodic [14] . The goal of this IUPAC-sponsored project is to produce learner-was transacted entirely by mail, Greenwood was elected chairman of the Commission. After serving as Chairman of the Commission, Greenwood became President of the IUPAC Inorganic Division Committee. Norman Greenwood was a Fellow of the Royal Society, a Foreign Member of the French Academy of Sciences, and he played a key role in establishing the criteria for recognizing the discovery of new elements, which now form an integral part of the IUPAC.
